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(57) Abstract: A keratin hydrogel-filled implantable prosthetic device. One device is a breast implant for augmenting or recon- 
structing a human breast including an envelope containing a keratin hydrogel. Another device is an implant for the intervertebral 
disc space. One keratin hydrogel is formed from a solid precursor which forms a keratin hydrogel upon addition of water. One source 
of keratin is human hair. In one method, an envelope suitable for implantation and a solid keratin hydrogel precursor are provided. 
The solid can be in fibrous or powder form. The solid precursor can be inserted into the envelope interior. A small incision near 
the breast can be made and the envelope inserted into the incision. After insertion, water can be injected into the envelope interior, 
preferably through the incision and through a self-sealing port in the envelope. In one method, the implant is provided as a kit, with 
the envelope and keratin hydrogel provided. The hydrogel can be injected into the envelope either before or after insertion into the 
breast area. One kit has a powdered, keratin hydrogel precursor disposed within the envelope interior, awaiting the addition of water, 
preferably after insertion of the implant into the body. In another method, the implant can include an envelope with a hydrogel or 
hydrogel precursor already placed in the envelope. 
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IMPLANTABLE PROSTHETIC OR TISSUE EXPANDING DEVICE 

Field of the Invention 

The present invention is generally related to medical prostheses or implants for 
5 augmentation, tissue expansion or replacement of soft tissue, including breast implants 

and vertebral disc, nucleus and annulus replacements. In particular, the present invention 
is related to implants filled with a keratin hydrogel. 

Background of the Invention 

Breast augmentation and reconstruction through medical procedures have been 

10 performed by physicians for decades. Early attempts using filler materials alone, without 

an enclosing envelope, had less than optimal long-term effects on appearance and health. 
The use of silicone gel-filled silicone envelopes gave improved long-term appearance but 
has created concerns for manufacturers, surgeons and patients due to possible leakage of 
the silicone gel from the envelopes into the body. These concerns had the effect of 

15 removing silicone gel-filled breast implants from some markets, such as the United 

States. Saline-filled breast implants have been used in place of the silicone-filled 
implants. The use of saline has led to fewer concerns, but saline-filled silicone implants 
have been reported as having a less natural shape and consistency. 

Another issue in the field of breast reconstruction and in the healing of open 

20 wounds is the use of tissue expanders. Tissue expanders typically include a bladder or 

envelope that will hold a liquid such as saline. The expander is placed over a wound, or 
may be implanted under tissue, such as under the muscles below a surgically removed 
breast. During use in breast reconstruction, a small amount of saline is added to the 
envelope periodically until the desired size is reached. By adding liquid slowly over a 

25 period of weeks or months, the covering tissue is allowed to expand to accommodate its 

size. Tissue expanders may also be used to cover an open wound and serve as a platform 
for the growth of new skin over the wound. Unfortunately, in order to change the 
volume of the tissue expander a needle must be inserted into the envelope, thus requiring 
penetration of the tissue and causing pain and an increased possibility of infection. 

30 What would be desirable is a safe, non-toxic, non-antigenic material for use in 

implants that has a consistency more like that of the original human soft tissue. A further 
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advantage would be an implant that can be implanted using potentially minimally 
invasive surgical procedures. What would be desirable is a tissue expander that is able to 
absorb fluid from the patient after implantation so that the expander could reach the 
desired size without repeated intrusive procedures. 

Summary of the Invention 

The present disclosure addresses the shortcomings of the prior art by providing a 
safer, more natural appearing implant for augmenting or reconstructing the human breast 
or other tissue such as intervertebral disc, nucleus, or axmulus tissue, and penile, 
testicular, gluteal, or facial tissue. Preferred implants include an outer envelope made of 
silicone or a biocompatible polymer and having an interior containing a keratin hydrogel. 
The hydrogel can be made from a keratinous material that is obtained from a biological 
source, especially keratin obtained from hair, feathers, hooves, feet, beaks, skin or nails 
of a mammal. The keratin is preferably obtained from hair, and more preferably from 
human hair. Human hair is especially desirable because of its ready availability as 
cuttings from barber and beauty shops, because human hair is likely to have less 
antigenicity in a human subject, and because hair can be harvested from the intended 
implant recipient. In certain embodiments implants include a hydrogel formed from 
hydrating a keratin material prepared as described in commonly assigned U.S. Patent 
Application Serial No. 09/394,782, incorporated herein by reference. In certain 
embodiments implants include a keratin hydrogel formed using an alternative method as 
described in U.S. Patent Nos. 5,932,552 and 6,159,496, and in commonly assigned U.S. 
Patent Application No. 09/736,957 all incorporated herein by reference. 

In more detail, a keratin hydrogel for use in the prosthetic devices described 
herein may be formed by adding an aqueous solvent such as water to a hydratable keratin 
material. This hydratable material can be made by a first process beginning with 
providing a keratinous material including keratin having disulfide bonds and partially 
oxidizing the keratin disulfide bonds, such that sulfonic acid residues are formed. The 
sulfonic acid containing keratin material can subsequently be placed in a solvent 
containing cations, preferably monovalent cations. In certain preferred embodiments, a 
solution containing the oxidized keratin material is neutralized, or raised to a pH that is 
less acidic than the oxidation solution. Without limiting the patent to a particular 
mechanism, in certain embodiments, and depending on the solvent used, the pH may be 
raised to a level above the pKa of the sulfonic acid groups to obtain sulfonic acid groups 

2 
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in an anionic state, or having a negative charge. It is contemplated that anionic sulfonic 
acid groups may more easily form ionic associations or even ionic bonds with the 
cations. When a substantial part of the liquid is removed from the keratin/cationic 
solution, a salt or solid salt including the keratin and cations may be isolated. This solid 
5 is hydratable, highly absorbent, and forms a hydrogel upon re-hydration. The solid may 

be used in fibrous or powdered form, and adding water to the solid forms a viscoelastic 
hydrogel suitable for use as a prosthetic implant filler. 

A preferred source of keratinous material is human hair, although the keratin may 
be obtained from hair or fur of animals including any mammal, from finger or toenail 

10 material or from hooves, or from the beaks, feet or feathers of birds. Human hair is a 

preferred source of keratin because of its ready availability from cuttings of barber and 
beauty shops, because it is expected to be less prone to cause undesirable immune or 
allergic reactions in a human should any leakage occur, and because a keratin preparation 
may be made from the hair of a subject for whom the preparation will be used. This last 

15 advantage can be especially important in embodiments involving subdermal 

implantations. 

It is well known in the art that keratins are highly sulfated, that is, the amino acid 
sequence of keratin contains a high proportion of cysteine residues as compared to 
proteins in general. These cysteines each include a sulfhydryl moiety that is able to bond 

20 with another sulfhydril moiety from another cysteine residue to form a disulfide bond 

known as a cystine residue. The second cysteine may reside within the same keratin 
molecule, or in another keratin molecule. These disulfide bonds are responsible for 
much of the tertiary and/or quaternary structure of this class of proteins. A suitable 
oxidizing agent is able to break this disulfide bond and to oxidize one or both of the 

25 sulfide moieties so that they are no longer able to form a disulfide. Such an oxidation is 

a part of the process of forming the keratin products of the present disclosure. Preferred 
oxidizing agents include, but are not limited to peracetic acid, hydrogen peroxide, 
perborates, percarbonates, benzoyl peroxide, or ammonium sulfate peroxide. However, 
any suitable oxidizing agent known in the art can be used in the practice of the invention. 

30 After oxidation, the liquid oxidizing agent can be filtered from the oxidized keratin solid, 

and the solid may be washed to remove residual oxidizing agent, for example. 

The resulting solid may then be suspended in a non-aqueous solvent and the pH 
may be adjusted upward with base - conveniently to at least neutral pH. Preferred 

3 
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solvents for this second solution do not include significant water as the water may 
hydrolyze the peptide backbone during processing. Preferred solvents would include 
alcohols such as methanol, ethanol, or propanol, for example, and would also include 
non-aqueous solvents such as acetone and tetrahydrofuran, for example. An effective 
5 solvent should be able to solvate a base and should also be able to provide a medium able 

to keep the keratin sufficiently open to allow ionic associations or interactions between 
the base cations and anionic sulfonic acid groups in the keratin. Preferred bases include, 
but are not limited to sodium hydroxide, potassium hydroxide and ammonium hydroxide, 
which, as is known in the art, would yield or produce sodium, potassium and ammonium 

10 ions, respectively, upon entering solution. 

The keratin suspension may be heated, and is preferably heated to boiling for a 
time sufficient to swell the keratin. The keratin suspension may be stirred without heat 
for a longer period of time to allow a more complete association or reaction between the 
sulfonic acid groups and the base cations. The continued reaction time at or near room 

15 temperature, or even below room temperature while stirring is contemplated by the 

inventors to allow the base cations to approach and bind to the keratin anionic sites with 
a lower incidence of peptide backbone degradation that could occur with continued 
boiling. The cations for use in the present invention, therefore, must be able to interact 
with the anionic cysteic acid groups in the keratin material. The use of the term "cations" 

20 or "monovalent cations" in the present disclosure and claims is an indication of those 

cations that are able to form such an interaction. After a sufficient reaction time, the 
keratin solid may be removed from the suspension by filtration, for example, and dried, 
leaving a solid salt formed of the keratin sulfonic acid or cysteic acid groups and base 
cations. This solid may be shredded into a fibrous form and/or ground into a finely 

25 divided powder. This solid may be used in certain embodiments, or it may be hydrated 

by adding water, for example, and the hydrogel, or viscoelastic hydrogel thus formed 
may be used in certain embodiments. 

The keratin hydrogel so formed is suitable for use as an implant filler, for 
example, used to fill a breast implant, or to augment soft tissue for cosmetic, 

30 reconstructive or aesthetic reasons, or it may be used in a tissue expander. In certain 

embodiments, a dry keratin hydrogel precursor may be placed in a semipermeable 
silicone shell, for example and implanted in a body cavity, wound, or scar where new 
tissue growth is needed. This technique is known in the art to be useful in breast 
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reconstruction, in treatment of male pattern baldness, for treatment of wounds, birth 
defects, and the like. This technique can also be used to create an intervertebral disc, 
nucleus and/or annulus. 

The present invention may be described, therefore, in certain aspects as a 
5 prosthetic device or implant, or even a tissue expander device, wherein the device 

includes a composition comprising a hydratable keratin solid to be used as a filler for the 
device, wherein the solid comprises a keratin where at least a portion of the cysteic 
groups of the keratin are ionically associated with, or may be ionically bound to cations. 
As used herein, ionically bound or ionically associated would have their ordinary 

10 meaning as is known in the art, and would include the electrostatic attraction between an 

anion and a cation, and would include such interactions directly, such as through 
formation of ionic bonds, and interactions through intermediary bipolar moieties, for 
example. A cysteic group would include cysteine and derivatives of cysteine including 
cystine and cysteic acid. As used herein, cysteic acid and sulfonic acid denote a cysteine 

15 side chain in which the terminal sulfur is bonded to three oxygen atoms to produce the 

sulfonic acid ion, S03-, or the acidic form, S03H. In certain embodiments, a portion of 
the cysteic groups are oxidized to cysteic acid groups. Cysteic acid groups may comprise 
a significant portion of the total cysteic groups. The extent of the oxidation may be 
adjusted by adjusting certain parameters of the oxidation reactions, such as temperature, 

20 concentration of oxidizing agent, and time of reaction, for example, to achieve a product 

with certain desired properties, such as absorbency or resiliency, for example. 

In certain embodiments, therefore, the hydratable keratin solid is made by a 
process comprising oxidizing a portion of the disulfide groups of a keratin to obtain a 
keratin having oxidized cysteic groups, and contacting the keratin having oxidized 

25 cysteic groups with monovalent cations under conditions effective to form ionic 

associations or ionic bonds between at least a portion of the oxidized cysteic groups and 
the cations. 

In some embodiments, the hydratable keratin solid is made by a process 
comprising oxidizing at least a portion of the disulfide groups of a keratin to obtain a 
30 keratin having oxidized cysteic groups, and contacting said keratin having oxidized 

cysteic groups with monovalent cations under conditions effective to form ionic 
associations or ionic bonds between a substantial portion of said oxidized cysteic groups 
and said cations. The oxidization may comprise placing the keratin in a solution 

5 
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containing a concentration of an oxidizing agent effective to oxidize a portion of the 
disulfide groups. The portion of oxidized disulfide groups may be a major portion of the 
total cysteic acid groups. 

In certain embodiments of the present invention, the oxidation comprises placing 
the keratin in a solution containing a concentration of hydrogen peroxide, peracetic acid, 
perborates, percarbonates, benzoyl peroxide, or ammonium sulfate peroxide effective to 
oxidize a portion of the disulfide groups. 

The process of the present invention may further comprise heating the keratin 
solid containing oxidized cysteic groups in a solvent solution containing a dissolved 
base. The solvent solution may comprise a solvent selected from methanol, ethanol, 
propanol, ether, tetrahydrofuran (THF), and acetone. In certain embodiments the process 
further comprises removing the solution from the heat and stirring for a time effective to 
form ionic bonds between the cysteic acid groups and cations produced by the base. The 
process may also further comprise drying the keratin solid, such as by drying a solid or 
solution under vacuum. 

Another aspect of the present invention includes prosthetic implants that 
comprise a keratin hydrogel wherein the hydrogel is produced by adding water to a 
composition comprising a hydratable keratin solid, wherein the solid comprises a keratin 
where at least a portion of the cysteic acid groups of the keratin are ionically bound to 
cations. In some embodiments, the hydrogel is a keratin viscoelastic hydrogel produced 
by adding water to a composition comprising a hydratable keratin solid, wherein the 
solid comprises a keratin where a portion of the cysteic acid groups of the keratin are 
ionically bound to or associated with cations. 

Another aspect of the present invention is the use in a prosthetic implant of a 
hydratable keratin solid made by (1) oxidizing keratin in a first solution comprising a 
soluble oxidizing agent, such that a portion of the disulfide bonds of the keratin are 
oxidized to form cysteic acid residues, to obtain an oxidized solid fraction; (2) separating 
the oxidized solid fraction from the first solution; (3) contacting the oxidized solid 
fraction with a second, basic solution comprising a monovalent cation dissolved in a 
solvent; (4) maintaining the second solution containing the oxidized solid fraction and 
the monovalent cations for a time and at a temperature effective to cause an interaction 
between the cysteic acid residues and the monovalent cations to obtain a salt solution of 
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the keratin and the monovalent cation; and (5) substantially removing the solvent from 
the salt solution to obtain a hydratable keratin solid. 

The process may also further comprise adjusting the pH of the second solution, to 
obtain a substantially neutral solution. In some embodiments, the keratin is obtained 
5 from hair or fur, and is preferably obtained from human hair. 

In some embodiments, the keratin is oxidized by suspending the keratin in a 
solution of a suitable oxidizing agent, such as one selected from the group consisting of 
hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, and 
ammonium sulfate peroxide, in a concentration of between about 1 and about 35 

10 weight/volume percent In various embodiments, the keratin is oxidized by suspending 

the keratin in a solution of an oxidizing agent selected from the group consisting of 
hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, and 
ammonium sulfate peroxide, in a concentration of about 1, or about 2, or about 3, or 
about 4, or about 10, or about 15, or about 20, or about 30, or about 32, or about 35 

15 weight/volume percent As used herein the term weight/volume percent refers to a 

solution in which the concentration is determined in weight percent, that is then diluted 
into a particular volume, arriving at a weight/volume percent. For example, in order to 
arrive at the oxidant solutions described herein a "stock solution" at fairly high 
concentration is diluted in water. As an example, hydrogen peroxide may be purchased 

20 as a 30 weight % solution (30 grams of peroxide per 100 grams of solution). To make 1 

liter of a 2% solution of this, one would dilute 66.7 mL of the 30 weight % stock solution 
in 933.7 mL of water. The net effect is to cut the stock solution 15-fold (from 30 down 
to 2 %). This ratio is a weight to volume ratio, so the resulting solution is described as 2 
weight/volume %. 

25 In some embodiments, the keratin is oxidized by suspending the keratin in a 

solution of a suitable oxidizing agent, such as one selected from the group consisting of 
hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, and 
ammonium sulfate peroxide, in a concentration of between about 1 and about 35 
weight/volume percent, at a temperature between about 0°C and about 100°C. In other 

30 embodiments the temperature is between about 4°C and about 90°C, or between about 

20°C and about 100°C, or between about 80°C and about 100°C. In other embodiments, 
the temperature is about 4°C, or about 90°C, or about 100°C. 
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The present invention may also include the process wherein the keratin is 
oxidized by suspending said keratin in a solution of an oxidizing agent selected from the 
group consisting of hydrogen peroxide, peracetic acid, perborates, percarbonates, 
benzoyl peroxide, and ammonium sulfate peroxide, in a concentration of between about 1 
5 and about 35 weight/volume percent, at a temperature between about 0°C and about 

100°C for a period of between 0.5 and about 24 hours, or in a concentration of oxidizing 
agent of between about 1 and about 35 weight/volume percent, at a temperature between 
about 0°C and about 100°C for a period of between 1 and about 2 hours, or for between 
about 2 and about 4 hours, or for between about 1 and about 4 hours, or for a period of 

10 about 10 hours. 

More specifically, the process of making the keratin solid may include oxidizing 
the keratin by suspending the keratin in a solution of between about 1 percent to about 32 
percent peracetic acid at a temperature between about 0°C and about 100°C for between 
about 0.5 and about 24 hours, or by suspending the keratin in a solution of about 1 

15 percent peracetic acid at a temperature between about 0°C and about 100°C for between 

about 0.5 and about 24 hours, or by suspending the keratin in a solution of between about 
4 percent peracetic acid at a temperature of about 4°C for 24 hours, or by suspending the 
keratin in a solution of about 4 percent peracetic acid at room temperature for about 24 
hours, or by suspending the keratin in a solution of about 4 percent peracetic acid at 

20 about 90°C for about 10 hours, or by suspending the keratin in a solution of about 4 

percent peracetic acid at a temperature between about 20°C and about 100°C for between 
about 1 and about 4 hours, or by suspending the keratin in a solution of about 4 percent 
peracetic acid at a temperature between about 80°C and about 100°C for between about 1 
and about 2 hours, or even by suspending the keratin in a solution of about 2 percent 

25 peracetic acid at a temperature between about 0°C and about 100°C for about 2 hours. 

A second solution in the process of making the disclosed keratin compositions, 
wherein the second solution contains the oxidized solid fraction and monovalent cations 
may be heated, and may also be boiled for between about 0.5 hours and about 12 hours, 
for between about 0.5 hours and about 3 hours, or for about 1 hour. When said solution 

30 is boiled, the solution may be allowed to continue reacting while being stirred after 

removal of the heat. Alternatively, the solution may be stirred and allowed to react 
without the application of heat, or of boiling temperatures. In certain embodiments, the 
solution is allowed to react at a temperature of between about 15°C and about 30°C for a 

8 
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period of between about 1 and about 24 hours, or at a temperature of between about 20°C 
and about 25°C for a period of between about 1 and about 5 hours, or at room 
temperature for a period of about 5 hours. 

Implants made with a hydratable keratin solid offer particular advantages over 
5 other implants, especially in implants that involve a large amount of material, such as 

breast or gluteal pad implants. In a preferred method of use, the hydratable keratin solid 
in powder or fiber form may be added to an envelope interior prior to insertion, and 
water may then be injected into the envelope after implantation, thus forming the 
hydrogel in situ. In the practice of this embodiment, the implant envelope containing a 

10 dry solid will have a small volume relative to the size of the final implant, thereby 

allowing a relatively small incision for insertion of the implant. In certain applications, it 
may be more advantageous to implant an empty envelope, again allowing for a relatively 
small incision, to form a hydrogel outside the body and then injecting the hydrogel into 
the envelope through a large bore needle, for example. It is also understood that implants 

15 may be formed with the hydrogel in place in the envelope prior to implantation. Such 

implants are advantageous as intervertebral disc, nucleus and annulus replacements or 
repairs. 

Tissue expanders made with a hydratable keratin solid offer particular advantages 
over other tissue expanders, especially tissue expanders which require volume 

20 adjustments which are made through an externally filled tube. The use of an external 

filling is often uncomfortable and inconvenient for the patient, and can lead to an 
increased incidence of infection. la a preferred method of use, the hydratable keratin 
solid in powder or fiber form may be added to a tissue expander envelope interior. The 
permeation of body fluids through the envelope can be controlled through the use of 

25 certain materials and engineering principle well known to those skilled in the art. The 

control of the diffusion rate has the effect of controlling the hydration rate of the keratin 
solid and thus, the expansion rate of the hydrogel thus formed. The expansion rate can 
thus be controlled in-situ, without the use of an external fill tube. This method of use 
would lead to a more comfortable and convenient tissue expander with lower incidence 

30 of infection. Alternatively, the hydration rate of the keratin solid can be controlled by 

controlling the absorbency of the keratin solid during manufacture as described herein. 
A solid tissue expander formed from an absorbent keratin solid with a controlled 
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absorption rate would have the advantage of expanding its volume at a controlled rate in- 
situ, and thus providing the same advantages as noted previously. 

In certain embodiments implants can be made using a keratin hydrogel formed 
using a method that does not include a hydratable keratin solid stage. An implantable 
5 keratin hydrogel can be made by a process beginning with providing a keratinous 

material from a biological source, such as hair, fur, feathers, hooves or nails, most 
preferably human hair, and oxidizing the hair or other keratin material. The oxidized hair 
can be suspended in a base solution, such as an ammonium hydroxide solution, for 
example, wherein the solution contains thioglycolate. The solution may then be heated, 

10 and stirred under an inert environment such as an N2 environment, for example. 

Although the use of a nitrogen environment may be preferred for certain embodiments, 
any oxidatively inert gas such as argon or helium, for example, may also be used. A 
swelled fraction of keratin gel can be separated from the suspension and added to an 
oxidizing agent such as hydrogen peroxide or peracetic acid, for example. Alternately, 

15 the swelled fraction can be exposed to ambient air. The gel can be allowed to stand in 

the oxidizing environment, thereby forming a crosslinked hydrogel. This method of 
forming a crosslinked gel is described more completely in U.S. Patent No. 5,932,552 
incorporated herein by reference. 

The implant can be made by filling the envelope interior either before or after 

20 implantation. In implants filled after implantation, the implant can be rolled into a small 

profile shape and inserted through a small incision into the interior of a breast or other 
organ or area to receive an implant. As is well known in the art, an incision for breast 
replacement may be made in the navel, or near the edge of a mastectomy scar, for 
example, and incisions for augmentation may also be made in the crease at the bottom of 

25 the breast or around the areolar area of the breast. The envelope can then be unrolled and 

the hydrogel injected through a large bore needle, using the same incision used to insert 
the envelope. The injection can be made into a self-sealing port provided in the 
envelope. Such embodiments are also suitable for intervertebral disc, nucleus and 
annulus replacement and repair. 

30 Hair is a preferred source of keratin for the present invention. In particular, 

human hair is a preferred source. In one method, hair is harvested from the intended 
implant recipient. While any human hair is believed suitable as a source, the use of hair 
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from the intended recipient may provide a psychological and allergenic advantage 
relative to hair from other sources. 

An object of the present invention is to provide for implants which accomplish 
intervertebral disc replacement and repair. Such replacement and repair can be to the 
entire disc or to the nucleus or the annulus associated with the disc. Replacement and 
repair can be accomplished through the use of keratin based products of the invention by 
themselves and in combination with single or multiple envelope arrangements. Initially 
repair and/or replacement can also be accomplished with single or multiple layers of the 
keratin based product of the invention with and without nonwoven felts comprised of a 
synthetic polymer and/or a keratin based product of the invention. An example of non- 
woven materials that may be used are described in U.S. Patent Application Serial No. 
09/587,157 incorporated herein by reference. 

The replacement and repair implants can be shaped to match the portion of the 
annulus that is being replaced. Further these implants can also transport drugs, living 
cells, co-factors and/or other materials that can stimulate healing of damaged structures. 
Other features and advantages of the invention are presented in the specification and in 
the claims. 

Brief Description of the Figures 

Fig, la - le depict embodiments of the invention including one or more layers 
which can be used for intervertebral disc replacement or repair. 

Figs. 2a - 2d depict embodiments of the invention wherein nonwoven keratin 
material is designed to support a load, such as the load exerted on the spinal column. 

Fig. 3 depicts an embodiment of the invention using a keratin hydrogel which can 
be positioned in an intervertebral space. 

Fig. 4 depicts an embodiment of the invention wherein keratin hydrogel is 
encapsulated for positioning within an intervertebral space. 

Figs. 5a - 5c depict embodiments of the invention including groups of capsules or 
envelopes for positioning within an intervertebral space. 

Figs. 6a - 6e depict embodiments of the invention relating to annulus and 
replacement. 
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Detailed Description of the Invention 

The present invention arises from the discovery by the present inventors that 
prosthetic implants, or implants to replace or augment soft tissues in the body, especially 
in the human body can be made from a keratin material, and in a most preferred 
embodiment, from human hair. The implants described herein offer numerous 
advantages over other implants, especially silicone, saline, or even autogenous fat cells. 
These advantages include that the keratin gel implants are less toxic than silicone 
implants should a leakage occur, keratin gel implants have a more natural look and feel 
than saline implants, and keratin implants require an incision or injection only at the site 
of implant, and do not require a second invasive procedure for harvesting tissue such as 
fat cells, for example. 

Example 1 

Implants Utilizing Keratin Hydrogel from Solid Precursor 

The present example describes implants having a keratin hydrogel contained 
within an envelope, where the keratin hydrogel is formed from a solid, keratin hydrogel 
precursor which forms a keratin hydrogel upon the addition of water. The solid 
precursor form of keratin derived implant material may be used in several ways, 
depending on the need of the practitioner. For example, the solid may be hydrated prior 
to placing the keratin filler into an implant envelope. In the practice of this method, one 
would be able to determine precisely the volume of the implant filler prior to placing the 
filler in the envelope of the implant The hydrated gel could then be injected into the 
envelope either before or after the envelope is implanted. It is understood that the 
invention would include prepackaged, sterile, prefilled, sealed implants as well as a 
package that includes various sized envelopes and a separately packaged hydrogel, or 
hydrogel precursor. 

In certain embodiments, a solid precursor may be added directly to an implant 
envelope and subsequently hydrated in the envelope either before or after the envelope is 
implanted. Again, hydrating the keratin after implantation, or injecting the hydrated gel 
into the envelope after implantation both allow a much smaller incision to be made, and 
allow the injection through the same incision of either water or hydrogel. This 
embodiment of the invention would include a packaged implant with a premeasured 
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amount of solid hydrogel precursor, or would include the separate packaging of 
envelopes and solid precursor. 

In the present example, a solid hydrogel precursor can include protein having an 
ionizable pendant group, such as sulfonic acid, or cysteic acid, which can be derived 
from an oxidized protein disulfide linkage. A preferred source of protein is keratin, 
preferably keratin obtained from hair, and most preferably keratin obtained from human 
hair. While hair is a preferred source of keratinous material, other keratinous materials 
are also believed suitable for use in the present invention. Examples of other sources 
include animal hair or fur, skin, hooves, feathers, beaks, feet and horns. The patient or a 
human donor are some preferred sources of hair, as hair from these sources is most likely 
to result in a non-antigenic product, although animal hair may be acceptable for many 
individuals. In one method according to the present invention, hair is provided, 
preferably clean and unbleached. In another method, the hair is washed with Versa- 
Clean TM (Fisher Scientific, Pittsburgh, PA), or other cleaners, rinsed with deionized 
water, and allowed to dry. 

In a preferred method of preparing a solid hydrogel precursor, cleaned hair can be 
oxidized in peracetic acid or another suitable reagent such as H202. One method utilizes 
between about 1% to 32% peracetic acid, at a temperature between about 0 degrees C 
and 100 degrees C for between 0.5 and 24 hours. In one method, about 1 weight/volume 
percent peracetic acid is used. One method treats 30 grams of hair with 500 mL of 4% 
peracetic acid at 4 degrees C for 21 hours. Another method treats the hair at room 
temperature for 24 hours. Yet another method treats the hair at about 90 degrees C for 
about 10 hours. In a preferred method, the hair is treated by heating the hair in the 
oxidizing agent for between about 1 and 4 hours at a temperature between about 20 and 
100 degrees C. In a more preferred method, the hair is treated by heating the hair in the 
oxidizing agent for between about 1 and 2 hours at a temperature between about 80 and 
100 degrees C. In a most preferred method, the hair is treated by heating the hair in 
about 2 weight/volume percent oxidizing agent for about 2 hours at a temperature of 
about 100 degrees C. The oxidation is believed to cleave a significant portion of keratin 
disulfide bonds forming cysteic acid residues. The sulfonic acid groups are believed to 
be hydrophilic in nature and will ionically bond to cations later in the process, forming a 
salt of the keratin and cation. 
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After oxidation, the keratin solid can be recovered from the oxidizing liquid using 
filtration or other suitable methods such as centrifiigation or decantation. The recovered, 
oxidized solid may be washed with water or any other suitable liquid such as an alcohol, 
including methanol or ethanol, for example, to remove the excess oxidizing agent 
5 The solid fraction can be suspended in a suitable solvent. The solvent should be 

capable of at least suspending the hair or keratin solid and keeping the solid sufficiently 
swelled for subsequent reaction. The solvent is preferably a non-aqueous solvent, as the 
presence of water can contribute to hydrolysis of peptide backbone bonds of the protein 
product, which can result in an inferior product. The solvent should also be able to 

10 solubilize the later added cation. One group of suitable solvents includes alcohols such 

as methanol and ethanol. Other solvents such as ether, tetrahydrofuran (THF), and 
acetone may also be suitable as solvents. The solvent used is preferably volatile to 
promote evaporation from the final solid product. 

The hair or keratin solvent suspension may then have the pH titrated upward to at 

15 least about pH 7, or preferably to a pH at or above the pKa of the sulfonic acid groups of 

the protein. This increased pH acts to ionize or deprotonate the sulfonic acid groups and 
allows ionic interactions with cations. The cations are preferably produced by including 
a base in the solution, preferably a monovalent base, or a base that provides a 
monovalent cation in solution. Preferred bases include, but are not limited to ammonium 

20 hydroxide, sodium hydroxide and potassium hydroxide. 

The keratin suspension can be heated for a time and temperature sufficient to 
swell the keratin structure and promote neutralizing of the sulfonic acid sites with the 
provided cation. In a preferred method, the keratin is suspended in ethanol and boiled 
between about 0.5 hours and 12 hours in the presence of the cation. More preferably, the 

25 keratin is suspended in ethanol and boiled between about 0.5 hours and 3 hours in the 

presence of the cation. In one method, the keratin is suspended in ethanol and boiled for 
about 1 hour in the presence of the cation. Boiling for too long a time period is believed 
to lead to a final, partially solubilized or mushy keratin which may result from 
degradation of the peptide backbone. A partially solubilized keratin product is less 

30 preferred due to the greater difficulty of grinding the keratin. 

After boiling, the keratin is preferably allowed to continue to react with the 
provided base cations at lower temperature and with stirring. The lower temperature 
reaction preferably takes place at a temperature of between about 15 and 30 degrees C 
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for between about 1 and 24 hours. More preferably, the lower temperature reaction takes 
place at a temperature of between about 20 and 25 degrees C for between about 1 and 5 
hours. In one method, the keratin suspension is allowed to react with stirring at room 
temperature for about 5 hours. 
5 After ion exchange at lower temperature, the solid salt can be separated from the 

solvent using any suitable method such as filtration. The solid is preferably washed with 
a solvent that may be the same solvent as that used in the reaction. Washing the keratin 
removes excess base, which is preferably removed to make the keratin solid neutral. 

After filtration and washing, the keratin can be dried by a method such as 

10 evaporation under vacuum. In one method, the keratin is dried at room temperature 

under about 5 mm Hg vacuum for about 2 hours. The dried keratin is preferably 
somewhat brittle, which can result in a better product after grinding. The dried keratin 
can be shredded into fibers or can further be ground into a powder. The dried keratin can 
be directly ground into a powder using a mortar and pestle, a ball mill, or other means of 

15 breaking down or comminuting the dried keratin into particles. Solid keratin hydrogel 

precursor can be provided in either fibrous or powder form for use in the implant. 

The solid keratin hydrogel precursor is capable of absorbing many times its own 
weight in water. In one test, fibers were shown to absorb an average of 13 times their 
weight in water at 21.5°C, and may absorb up to 20 times. The absorbed water is 

20 chemically bound to the keratin through acid-base interactions such as hydrogen 

bonding. This results in a stable, viscoelastic hydrogel from which the water cannot be 
separated by normal mechanical means such as centrifugation or compression. 

A patient, the intended recipient, can be prepared for the operation and a small 
incision made at the breast or other area such as by way of example only, the 

25 intervertebral disc area, to receive an implant. The envelope can be rolled into a cylinder 

or other small shape to decrease the profile and the compacted envelope inserted through 
the incision. The envelope can be allowed to attain a less constrained shape well known 
to those skilled in the art, such as a meniscus or soft disc shape. Leaving the envelope 
empty or containing only a solid hydrogel precursor can greatly decrease the volume of 

30 the envelope during insertion. Decreasing the volume can greatly decrease the implant 

profile and the required incision size. By waiting to inject any fluid into the implant until 
after implantation, a more minimally invasive procedure can be performed. In one 
method, the envelope includes a self-sealing injection port in the envelope wall. A large 
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hypodermic syringe can be used to inject the fluid into the self-sealing port. The large 
hypodermic is preferably inserted through the already formed incision in the breast or 
other tissue, to avoid the need for an additional puncture. In embodiments having a 
keratin hydrogel precursor in the envelope, the injected fluid can be water, thus forming 
the hydrogel in situ. In embodiments using a preformed hydrogel, the hydrogel can be 
injected through a preferably large bore needle and into the envelope interior. While the 
hydrogel can be quite viscous, the needle bore can approach the size of the incision in 
some embodiments. After implantation, the incision can be closed and allowed to heal. 

Such implants can be impermeable, semipermeable and permeable to bodily 
fluids. Thus for semipermeable and permeable implants, the implant can come to a 
desired shape and size over time. 

Example 2 

Tissue Expanders Utilizing Keratin Hydrogel from Solid Precursor 

The present example describes tissue expanders having a keratin hydrogel 
contained within an envelope, where the keratin hydrogel is formed from a solid, keratin 
hydrogel precursor which forms a keratin hydrogel upon absorption of body fluids. A 
variety of different sized tissue expanders can be provided by varying the size of the 
envelope and the amount of keratin hydrogel precursor. In addition, the rate at which the 
tissue expanders reached their final volume can be varied by controlling the diffusion 
rate of body fluids into the tissue expander, or by varying the absorbency of the dry 
keratin solid, as described herein. 

A patient, the intended recipient, can be prepared for the operation and a small 
incision made in or near the breast or other area to receive a tissue expander. Placing the 
tissue expander in its dehydrated form allows for the implant to absorb body fluids 
through the envelope at a controlled rate, thus increasing in volume at a controlled rate. 
The volume expansion occurs in-situ, after the incision has been closed, and provides a 
more comfortable and convenient implant when compared to conventional treatments. A 
lower incidence of infection would result from having a closed incision without the need 
for an external fill tube as in conventional tissue expander products. 
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Example 3 

Implants Using Keratin Hydrogel Formed From Keratin With 
Added Hydrophilic Groups and With Reformed Crosslinks 

In the present example, an alternate embodiment is described, a keratin hydrogel 
that is provided using a method that does not involve adding water to a solid keratin 
hydrogel precursor. The keratin material may be obtained from the same sources as 
described in Example 1, and preferred source of keratin is human hair. In one method, 
hair is provided, preferably washed and unbleached. The hair is harvested from a human 
or animal source. The patient or another human donor is a preferred source of hair, as 
hair from these sources is most likely to result in a non-antigenic product, although 
animal hair may be acceptable for certain individuals that do not have animal product 
allergy problems. In one method, the hair is washed with Versa-Clean TM (Fisher 
Scientific, Pittsburgh, PA) or other suitable cleansing agent, rinsed with deionized water, 
and allowed to air dry. 

The hair can be oxidized in peracetic acid or another suitable reagent such as 
H202. A preferable treatment utilizes from 1 % to 32% peracetic acid, at a temperature 
between about 0 degrees C and 100 degrees C for between 0.5 and 24 hours. One 
method treats 30 grams of hair with 500 mL of 32% peracetic acid at 4 degrees C for 24 
hours. This treatment with peracetic acid is believed to partially oxidize the naturally 
occurring disulfide linkages to produce a protein with cysteic acid (-CH2S03H) residues. 

The hair is recovered, preferably with filtration through a coarse fritted glass 
filter, and rinsed numerous times with deionized water until the rinse solution has a pH 
of 6.0 or higher. The hair can then be dried in a vacuum oven at between 20 degrees C 
and 50 degrees C for between 0.5 and 5 days. One method dries the hair in a vacuum 
oven at 40 degrees C for several days. The dried hair can then be pulverized and ground 
into a fine powder. One method of grinding the hair uses a ceramic mortar and pestle. 

The keratin powder can be suspended in a sulfhydryl solution such as an 

ammonium thioglycolate solution, for example. In one method, pulverized keratin 

powder, derived from hair as described above, is suspended in about 3N ammonium 

hydroxide containing thioglycolate. About six grams of keratin powder can be added per 

75 mL of 3N ammonium hydroxide solution. The strength of ammonium hydroxide is 

preferably about 3N and the preferred concentration of ammonium thioglycolate is from 

about 2 to about 20 ml (as thioglycollic acid) per 75 ml of ammonium hydroxide, or 
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about 1 1 ml thioglycolate per 75 ml ammonium hydroxide in certain embodiments. The 
suspension can then be heated for a time sufficient to solubilize the soluble fraction of 
the hair. The suspension in one method is heated to between 50 degrees C and 90 
degrees C for between 1 and 24 hours, followed by cooling. In a preferred method, the 
5 suspension is heated to about 60 degrees C for about 4 hours and cooled to room 

temperature. 

Applicants believe this treatment cleaves the remaining disulfide linkages to 
produce cysteine residues in the protein structure. At this point, the keratin protein is 
believed to contain sulfonic acid, sulfhydril and cystine-thioglycolate containing 

10 residues. The ratio of sulfonic acid residues and sulfhydril residues can be controlled by 

varying the time, temperature, and concentration of oxidant in the peracetic acid 
treatment step previously described. The presence of sulfonic acid residues imparts a 
hydrophilic property to the hair as well as to the final hydrogel product. 

After the treatment described above, a keratin fraction resistant to the treatment 

1 5 remains, consisting primarily of beta keratin. This fraction is insoluble in the suspension 

and is removed in one method by centrifugation at about 10,000 g for about 10 minutes. 
The insoluble fraction is set aside and is available for other uses. A thick, jelly-like 
supernatant remains which includes a soluble keratin fraction. The supernatant is 
collected and used to make the implant material described herein. 

20 The supernatant is preferably purified, using a method such as dialysis. A 

preferred method uses dialysis against running water using a dialysis membrane 
(Spectra/Por TM) having a cutoff of about 8000 MW. The resulting solution is 
preferably concentrated to a concentration of about 0. 1 grams per mL. 

The keratin in solution is now ready for crosslinking to form a hydrogel. In a 

25 preferred method, an oxidizing agent is added to the keratin to crosslink the keratin 

proteins. Preferred oxidizing agents include oxygen, hydrogen peroxide, organic 
peracids, peroxy carbonates, ammonium sulfate peroxide, benzoyl peroxide, and 
perborates. Hydrogen peroxide is preferably added to the keratin solution at about 0.5% 
to about 1.0% w/v, mixed well, and allowed to stand at room temperature for several 

30 days. A preferred standing time is about 3 days. The freely flowing solution slowly 

thickens and converts to a crosslinked hydrogel after about 72 hours. 

The insoluble keratin fraction from hair is thus partially oxidized so as to have the 
protein backbones interconnected with disulfide linkages and having sulfonic acid 
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residues. The partially oxidized keratin is treated with a reducing agent to cleave some 
or all of the remaining disulfide bonds, forming thiol groups and cystine-thioglycolate 
groups and to solubilize more of the keratin proteins. After removing the insoluble 
fraction, the keratin is oxidized to allow the formation of disulfide crosslinks. Disulfide 
5 crosslinks are thus reformed. As used herein, the term "reformed" refers to crosslinks 

broken and formed later in time, where individual linkages later formed could be, but are 
not necessarily, between the same amino acid cysteine pairs. 

A crosslinked, pure keratin hydrogel results. The hydrogel has sulfonic acid 
groups which are hydrophilic and bind water within the hydrogel. The number of 
10 sulfonic acid groups corresponds to the degree of keratin oxidation in the partial 

oxidation step. 

In one method for implanting the envelope, the hydrogel is formed by adding the 
oxidizing agent to the keratin supernatant outside of the envelope followed by mixing. 
After a time period, the mixed hydrogel and oxidizing agent or other crosslinking agent 

15 can be injected into the implant envelope. In some procedures, the envelopes are 

prefilled with keratin hydrogel prior to packaging the implant. In some procedures, the 
envelopes are filled with keratin hydrogel by injection only after implantation of the 
envelopes. In some procedures, the oxidizing agent and keratin supernatant are mixed 
close to the time of the surgical procedure, and the mixture injected soon after mixing, 

20 before the mixture becomes very viscous. In these procedures, the mixture can be 

allowed to thicken in situ. 

The present invention includes hollow implants which can have a thicker 
envelope wall than those commonly used in breast implants. A keratin hydrogel can be 
used to fill any hollow implant envelopes known in the art, including penile implants, 

25 testicular implants, chin implants, intervertebral implant including but not limited to 

intervertebral disc, nucleus and annulus implants, and gluteal pad implants. 

Numerous advantages of the invention covered by this disclosure have been set 
forth in the foregoing description. It will be understood, however, that this disclosure is, 
in many respects, only illustrative. Changes may be made in details, particularly in 

30 matters of substitutions of chemically or biologically equivalent substances, or in the 

order of steps in certain methods without exceeding the scope of the invention. The 
invention's scope is, of course, defined in the language in which the appended claims are 
expressed. 
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Example 4 

Intervertebral Disc Space Repair and Replacement Implants 

The present embodiments relate to intervertebral disc space repair and 
replacement implants. More particularly, by way of example only, disc, nucleus and 
annulus replacement implants and repair implants are discussed. It is to be understood 
that the teachings of the rest of the specification apply equally well to the embodiments 
presented in this Example 4. 

In many patients suffering from back pain, disc extrusion or nerve impingement, 
it may be desirable to provide support for the annulus, if present. The annulus, in 
general, contains t he nucleus, which provides vertical support against compressive loads 
and maintains the disc height. When a disc nucleus degenerates, it loses water, becomes 
weakened, and thereby does not provide sufficient vertical support for the body weight. 
The annulus can provide some lateral support for a normal and also for a weakened disc 
nucleus. However, it does not support vertical loads very well. If Othe nucleus becomes 
too weak, or if the annulus is damaged through injury or disease, the annulus may not 
provide sufficient structural support for the body weight, and a portion of a disc nucleus 
can be extruded from within the intervertebral space, forming a Aherniated disc.@ 

Thus, surgical repair, reconstruction or replacements of herniated discs, eroded 
discs, and missing discs is often a challenging problem. Annulus repair is also a solution 
which has been given little or no attention. However, using keratin-based materials, and 
encapsulations of these materials, as described throughout this specification, significant 
improvement in the function of the disc, nucleus, and/or annulus can be provided. Thus, 
this invention includes implantable disc replacements and repairs having keratin based 
materials therein. Disc replacement can comprise a nucleus replacement, an annulus 
replacement, or both. Depending on the subjects need, the entire annulus, the nucleus 
or a portion thereof can be replaced or repaired. 

Nucleus Replacements or Repair - Generally 

Nucleus replacements can include gels and/or gels in flexible containers. In 
certain embodiments in which a portion of the natural disc is functional, only a damaged 
or ineffective, part of the original nucleus need be replaced. In other embodiments of 
this invention, when a substantial portion of the nucleus is ineffective, it can be desirable 
to replace more of the nucleus. In further embodiments, it may be necessary to replace 
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the entire original nucleus with an artificial disc replacement. Nucleus replacements of 
this invention can include keratin products. Keratin products include non-woven keratin, 
keratin gels, and keratin products which contain keratin peptides. Examples of keratin 
peptides that may be included are described in U.S. Patent Application Serial No. 
09/330,550, incorporated herein by reference. 

Depending on the site of nucleus replacement, the material can desirably be 
selected to resist the pressures to be encountered at that site. For example, the lower 
lumbar spine typically is exposed to greater vertical stresses than the cervical spine. This 
is, in general, because the body weight and muscle forces are greater at the lumbar spine 
than at the cervical spine, which typically needs only to support the weight of the head. 
Additionally, during flexion, the loads on the posterior annulus are greater than on the 
anterior annulus. 

Therefore, in certain embodiments, it can be desirable to provide nucleus 
replacement materials having stress-strain relationships that can minimize the likelihood 
of the portion of the nucleus from becoming completely compressed. In certain 
embodiments, a material having a stress-strain relationship wherein there is relatively 
little compression with increased compressive stress can be made by providing a denser 
material or by providing an incompressible material such as a hydrogel in a relatively 
rigid containment device, or capsule. Alternatively, in situations in which relatively less 
stress needs to be supported, a less dense non-woven material or a gel in a relatively 
more flexible containment device can be used. 

A. Nucleus Replacements or Repairs of Non-Woven Keratin 
Non-woven keratin nucleus replacements of embodiments of this invention can 
be in the form of a fibrous network or felt. The non-woven product can be formed either 
as single layer material or as multiple layered sheets. In some embodiments, different 
layers of keratin material can be used. For example, one sheet of keratin can be formed 
having a selected fiber size, density and/or degree of sulfonation or other charge bearing 
moieties. A second sheet can be formed having a different fiber size, density, degree of 
sulfonation and/or other characteristic. Such laminates can thus have certain selected 
properties on one face and other properties on the other face. In other embodiments, 
multiple layers of keratin material can be used, in which different layers can have 
different selected charge, charge density, density, fiber length or other properties. 
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In alternative embodiments, the keratin non-woven nucleus repair or replacement 
can also have natural or synthetic polymer materials as laminates and/or as non-woven 
co-precipitates. Laminates can be made by preparing separate layers of polymer 
materials and then adhering them together. Laminates can also be made by forming a 
subsequent layer on top of an already formed layer. In certain embodiments, laminates 
can be made having three or more layers of polymer material. For example, a laminate 
can be prepared having a top layer of keratin, a middle layer of a synthetic polymer, and 
a bottom layer of keratin. Such three-layered laminates can provide the advantages of 
keratin on the surface of the repair or replacement, while providing desirable properties 
such as mechanical strength and flexibility to the disc replacement, hi similar fashions, 
multiple layered laminates can be manufactured to have a variety of properties in each 
lamina. Additionally, with multiple layers of a synthetic polymer, each layer can have a 
different orientation in order to achieve certain mechanical functionality such as 
enhanced strength and other properties. 

Figures la - le depict embodiments of this invention. Figure la depicts a non- 
woven keratin sheet 100 having a uniform thickness. Figure lb depicts a bilayered 
nucleus replacement having a layer of keratin 102 and a layer of another polymer 104. 
Figure lc depicts a multilayered nucleus replacement comprising a keratin layer 106 and 
polymer layer 108. Figure Id depicts a co-precipitated nucleus replacement 1 10. Figure 
le depicts a multilayered nucleus replacement having multiple layers 112, 114, 116 of 
keratin material having different properties. 

Co-precipitates can be made by preparing solutions of the keratin material and 
other polymer material(s) separately, mixing the solutions together, and then drying the 
resulting mixture to form a felt that contains both keratin and the other polymer(s). The 
resulting non-woven product therefore contains desirable features of keratin, including 
being relatively inert, as well as desirable features of the non-keratin polymer(s). Such 
non-keratin polymers referred to in this specification can include by way of example only 
polyester, polyethylene, poly(tetrafluoro)ethylene, polypropylene, silicones and other 
polymers known in the art. 

Uses of Non-Woven Keratin Nucleus Replacements or Repair 

In certain embodiments, felts comprising keratin can be provided having a shape 
that can be either pre-formed or can be prepared at the site of surgery to conform to the 
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desired intravertebral space. The disc replacement can be provided as a sheet of uniform 
thickness, with top and bottom faces being substantially parallel, and can advantageously 
be used in situations in which the faces of adjacent vertebral bodies are substantially 
parallel. In alternative embodiments, non-woven material can be provided that has 
5 unequal thickness to accommodate non-parallel surfaces of adjacent vertebral bodies. 

For example, in the lumbar and sacral spine, the dorsal aspects of the vertebral 
bodies are generally closer together than the ventral aspects. Thus, a wedge-shaped 
nucleus replacement can be used with a thinner aspect of the disc replacement positioned 
near the dorsal aspect of the vertebral bodies, and a thicker aspect can be positioned near 
10 the ventral aspect. Thus, when in use, the nonnal curvature of the lower lumbar spine 

can be well supported by the disc replacement. 

In other locations, for example in the thoracic spine, the ventral aspects can be 
closer together than the dorsal aspects. In these situations, it can be desirable to position 
a wedge shaped nucleus replacement wherein the thinner portion of the disc replacement 
15 is near the ventral aspect and the thicker portion is positioned near the dorsal aspect. 

In yet other embodiments, in which the intervertebral space is more uniform in 
thickness, it can be desirable to provide nucleus replacments having more uniform 
thickness. 

In certain situations in which the intervertebral space is irregularly shaped, a 
20 surgeon can adapt a pre-formed nucleus replacement to suit the patient=s particular 

needs. Thus, if a vertebral body defect results in an abnormally large depression in one 
region of a vertebral body, the surgeon can select a relatively thick replacement and 
remove portions of the replacement so that the inserted replacement can fit more 
beneficially within the patient=s intervertebral space. 
25 Example Embodiment of Intervertebral Disc Replacement B Layered Sheet Material 

Figures 2a - 2d depict embodiments of this invention wherein non-woven keratin 
material is designed to support the load. 

Figure 2a depicts a uniform non-woven nucleus replacement 200 of this 
invention. The nucleus material has an approximately circular area and a thickness 
30 designed to provide cushioning support between two adjacent vertebral bodies. 

Figure 2b depicts an alternative embodiment in which the non-woven nucleus 
replacement 202 has non-uniform thickness. 
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Figure 2c depicts another embodiment of this invention in which the non-woven 
nucleus replacement 204 has an irregular thickness to accommodate an uneven 
intervertebral space. 

Individual sheets of a keratin-based material will be layered and molded into the 
5 shape of an annulus fibrosis 206. Concentric layers of a keratin-based sheet material will 

be applied to one another about a central, vertical axis until a thickness of approximately 
1 to 2 cm is achieved. The layers will be formed such that there is an outer layer and an 
inner layer. Approximately 10 to 20 individual layers will be used. Thus each of the 
inner layer and the outer layer can be formed of one or multiple individual layers or 

10 sheets of keratin-based material. Each sheet or layer can be comprised of the non-woven 

or the woven type with keratin-based material deposited thereon as described herein. For 
strength the alternating sheets can have directionally different structural strengths 
depending on the orientation of the non-woven or woven material and how it is formed. 
Thus if the elements or fibers of the material have directionality, the sheets can be 

15 combined so that the directionality of each sheet is different from the next. The sheets 

can be formed one and then the next on top of the first in order to make the layers or the 
sheets can be glued together with glues that are known in the art. 

It is to be understood that if an inner layer and an outer layer structure is formed, 
that the inner layer would be more favorably compatible with the below described 

20 keratin-based hydrogel 208, while the outer layer could for example be more structurally 

capable of carrying the load due to the strength and number of the sheets that comprise 
the outer layer. Also for such an embodiment which is meant to be a full or partial disc 
replacement implant, the disc implant can have an upper and a lower portion. In figure 
2c the lower portion is shown. The upper portion would be similar. In figure 2c, the 

25 lower portion includes sheets of non-woven or woven material or both, some or all of 

which have deposited thereon keratin-based materials. In addition, as with the annulus, 
the individual sheets can have directionally different structural properties. As indicated 
below, either or both of the sheets and the hydrogel can include one or both of cells 
and/or growth factors. The inner volume of the layered material will be filled with a 

30 keratin-based hydrogel 208. The prosthetic intervertebral disc will be positioned in the 

place of an excised, degenerated intervertebral disc and bonded to the endplates via 
fibrous ingrowth. The layered keratin-based material and keratin-based hydrogel may or 
may not contain cells and/or growth factors. The growth factors may or may not induce 
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host cells to migrate or differentiate and produce a fibrous ingrowth between the layered 
keratin and endplate, and produce hydrophilic proteoglycans. In addition, the 
impregnated cells or host cells may produce connective proteins to secure the the keratin- 
based layers to the endplate. Also, the impregnated cells or host cells may produce 
5 hydrophilic proteoglycans. 

The resulting intervertebral disc prosthesis should be meet the following 
kinematic requirements: +/- 3 deg flexion, +/- 5 deg flexion/extension, +/- 3 deg lateral 
bending. In addition, the disc must be able to withstand 1200 N of compression and 2.5 
MPa of internal pressure. The approximate dimension of the prosthesis should be 6 to 20 
10 mm in height, 30 to 70 mm in width, and 30 to 50 mm in depth. 

Adjuncts to Keratin Materials 

In certain embodiments, it can be desirable to include other, non-polymer 
materials with keratin materials. For example, it can be desirable to include drags, cells, 
co-factors, and/or other materials that can stimulate healing of damaged structures. In 

15 certain embodiments, it can be desirable to include antiinflammatory agents, such as non- 

steroidal antiinflammatory drugs (NSAIDs) to decrease infiltration of undesirable 
inflammatory cells into the intervertebral space. In other embodiments, it can be 
desirable to include certain cytokines, such as interleukins, bone growth promoting 
peptides, keratin peptides, vitamins, enzyme inhibitors and/or other materials known in 

20 the art. 

Keratin Nucleus Replacements and Repair Containing Living Cells 

In yet other embodiments, it can be desirable to include living cells in the nucleus 
replacement or repair. In situations in which the disc collagen has been damaged, 
chondrocytes can be provided within the nucleus replacement material to provide a 
25 source of new chondrocytes. When chondrocytes are stimulated to grow and produce 

new collagen the intervertebral space can become augmented with naturally occurring 
collagen. 

In other embodiments, wherein bony portions of the vertebral bodies are damaged 
due to injury or disease, it can be desirable to provide a keratin nucleus replacement 
30 containing osteoblasts or osteocytes, either alone or along with osteogenic materials such 

as bone morphogenetic proteins (BMPs) which can promote cell growth and division or 
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differentiation and secretion of extracellular materials needed for regrowth of the missing 
tissue. 

In these embodiments, after implantation, the keratin materials can provide 
growth scaffolds for the proper growth of chondrocytes, fibrochondrocytes, fibroblasts, 
5 osteoblasts and/or osteocytes. Once the intervertebral space has been repopulated with 

proper cells, those cells can be made to differentiate and produce cartilage, bone or other 
structural tissues. 

In certain embodiments, the use of fibroblasts, fibrochondrocytes, chondrocytes, 
osteoblasts and osteocytes can be desirable to promote the healing and regrowth of 

10 damaged or injured vertebral bodies and nuclei . 

In these situations, it can be desirable for the keratin material to have a biological 
lifetime that is compatible with the replacement of cartilage. Thus, as new cartilage 
grows, the keratin can be biodegraded and removed, making more room in the 
intervertebral space for newly formed cartilage. 

15 E. Keratin Gel Nucleus Replacements and Repairs 

Keratin gels can be desirable in situations in which a relatively rigid nucleus 
replacement is not desired. Such situations include those portions of the spine where 
flexibility is desired, such as the cervical spine, or in areas in which vertical stresses 
change widely during, for example, postural changes. 

20 Keratin gel-based nucleus replacements can have different forms. For example, 

in certain embodiments, a gel by itself can be used. Being a protein, keratin has some 
intrinsic strength and therfore resistance to compression. Using a keratin gel along with 
non-woven keratin material can provide a degree of flexibility as well as flexibility to the 
disc replacement. In certain embodiments, keratin gels can be used without additional 

25 non-woven keratin material. In other embodiments, a keratin gel can be placed within a 

capsule or envelope. 

The load bearing capacity of a keratin gel-containing capsule is related to intrinsic 
resistance by the gel of a compressive load and the ability of a capsule or envelope to 
contain the pressure within the capsule or envelope generated by the load. By varying 
30 the composition of the gel and the size and configuration of the capsule, different load 

and flexibilities can be provided for a disc replacement. For example, a stiff keratin 
hydrogel can be used with a relatively weak capsule to provide an equivalent load 
bearing capacity as a weaker keratin hydrogel and a relatively stronger capsule. 
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1. Gels Without Capsules ■ Generally 

Certain embodiments of this invention include keratin hydrogels as nucleus 
replacements or repairs having no containment device. For these embodiments, it can be 
5 desirable for the gel to have sufficiently low bioresorbability and sufficient stability so 

that after placement, the gel remains within the interveterbral space without any 
additional structural support. Keratin gels used in this way desirably have sufficient 
physical and chemical characteristics so that when hydrated to their proper volume in 
situ, the gel tends to resist water expression and compression of the gel, thereby 

10 decreasing the thickness of the disc replacement or repair and resulting in a close 

approximation of the vertebral body surfaces. 

To resist such water expression and gel compression, in certain embodiments, 
gels of this invention can have sufficiently large numbers of electrical charges to retain 
water through Van der Wahls forces, ionic interaction or dipole-dipole interactions. 

15 Because keratin gels comprise proteins made of amino acids, polar and/or charged amino 

acids can take part in forming hydrated gels. Additionally, because keratin has numerous 
cysteic acid residues that can be oxidized to form sulfonic acid residues, the degree of 
sulfonation can affect the ability of a hydrogel to retain water. By increasing the number 
of sulfonic acid residues in a strand of keratin, more negatively charged moieties can be 

20 present. Sulfonic acid groups, being charged, can bind water molecules, dissolved 

inorganic ions such as Na+ (sodium), K+ (potassium) and other cations. 

In solutions of water and ions, such as physiological media including the 
extracellular milieu, cations are typically hydrated through Van der Wahls forces, ionic 
interactions and/or dipole interactions. A water molecule is made of one oxygen atom 

25 and two hydrogen atoms. The two hydrogen atoms are covalently bonded to the oxygen 

atom with bond angles relative to each other of about 109o. Oxygen is more 
electronegative than hydrogen, so the hydrogen oxygen atoms do not equally Ashare@ 
the electrons that make up the oxygen hydrogen covalent bond. Rather, the oxygen tends 
to attract the electrons more closely to its nucleus, and results in a molecule having a net 

30 dipole, with the oxygen atom having a net partial negative charge and the two hydrogen 

atoms each having a net partial positive charge. Thus, in liquid media having cations, 

water molecules tend to arrange themselves with the electronegative oxygen atoms being 

closer to the positive charges of the cations, thus tending to neutralize the charge 
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separation between the ion and the water molecule. A single ion is like a Ahub@ and the 
water molecules are like Aspokes@ of a wheel. This results in a Ashell@ of water 
molecules surrounding the Asolvated@ cation. As a result, the hydrogen atoms, with 
their relative electropositivity, tend to be oriented centrifugally, or away from the 
5 solvated cation. Thus, a first shell of water tends to have a net partial positive charge. 

A second shell of water molecules can be arranged around the first shell. In the 
second shell, as described above, the oxygen atom is relatively electronegative and tends 
to remain close to the hydrogen atoms of the first shell. Thus, the second shell has water 
molecules arranged as spokes with the oxygen atoms nearer the solvated ion and the 

10 hydrogen atoms more distant. Subsequent shells of water can be formed, but as more 

shells are present, the orientation of the water molecules becomes less ordered, so that at 
some distance from the solvated cation, the water molecules are attracted together as they 
are in free solution, with no cation being present. 

Each solvated ion has different net charge and size. Thus, a sodium atom, being 

15 smaller than potassium can attract water molecules and bind them more closely to its 

nucleus than a potassium ion, which is larger. Thus, the size of a solvated ion/water 
complex (Ahydrated radius®) is larger for sodium than for potassium. 

In a similar fashion, anions (negatively charged ions) have hydrated radii that can 
depend on the charge of the ion. Thus, a sulfonic acid residue which has three oxygen 

20 atoms bound to a sulfur atom, there are three locations where a partial negative charge 

can reside. Therefore, hydration shells can be formed around each of the oxygen atoms. 

In addition to ionic and other charge-related effects, colloid osmotic effects can 
contribute to hydration of gels. Large molecular weight materials, such as proteins can 
form colloids in solution, and by vitrue of being solvated, contribute to colloid osmotic 

25 pressure, which can resist a tendency for the material to be compressed. 

Thus, if water is bound tightly to the keratin, it is less likely to be forced away by 
hydrostatic pressure resulting from compression of the disc replacement by body weight. 
Conversely, if water is less tightly bound to the keratin or other material, water can be 
more easily expressed from the disc replacement and the disc material can become 

30 thinner. 

In addition to charge/hydration effects, the total number of charges and the 

number of keratin molecules can affect the ability of a disc replacement to withstand 

compressive stress. Thus, increasing the amount of keratin, and/or increasing the 
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sulfonation of the cysteic acid residues on the keratin can increase the ability of the 
keratin to retain a desirable shape within the intervertebral space. 

In practice, one can measure the colloid osmotic pressure of keratin-based gels of 
this invention using standard methods known in the art. In general, it can be desirable 
for a keratin based gel to be able to remain hydrated at pressures corresponding to the 
load on the disc replacement while in use. 

Figure 3 depicts an embodiment of this invention in which a non-encapsulated 
keratin hydrogel, which can be positioned within intervertebral spaces is deposited. 

Figure 3 depicts a keratin hydrogel 300 having relatively high polymer content 
and binds a relatively large amount of water. In this embodiment, the gel layer has a 
thickness that provides satisfactory separation of two adjacent vertebral bodies. Under 
load the gel becomes compressed by the extrusion of some water. However, sufficient 
water has been retained so that adjacent vertebral bodies do not impinge on one another. 
After the load is decreased, the gel can re-hydrate to maintain satisfactory separation of 
the adjacent vertebral bodies. Extrusion and re-hydration provide nutrients to cells and 
remove waste. 

Example Embodiment of a Nucleus Pulposis Implant With no Envelope: 

The implant is comprised of a keratin-based hydrogel 302 placed in the space 
previously occupied by the degenerated nucleus pulposis. After the degenerated nucleus 
pulposis is removed, the hydrogel material may be delivered to the space via a syringe 
and needle, or a trephine and tamp or other methods used by those skilled in the art. 
Typically 0.5 to 6 cc of material will be needed to fill the evacuated space. The hydrogel 
material may be placed in the dehydrated, partially hydrated, or fully hydrated state. The 
hydrogel may be used as a carrier for growth factors 304 and/or cells 306. The 
compressive strength should be approximately 1 MPa, but preferably closer to 4 MPa. 
The hydrogel material should have equilibrium water content of between 75% to 90% by 
weight and a fixed charge density of approximately 0.28 meq/ml B both of which can be 
altered by the oxidation process. The oxidation and grinding process alters fixed charge 
density and surface area of the hydrogel material respectively. As the oxidation level is 
increased, the fixed charge density of the material increases. However, there is a 
threshold to the process, afterwhich, fixed charge density decreases. Also, as the 
material is ground to a finer powder, the surface area increases and more water can be 
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bound. Again, there is a minimum threshold to particle size after which the material will 
no longer strongly bond to water. 

The hydrogel is intended to restore the intervertebral disc height, place the 
annulus fibrosis in tension, and restore the diffusion/pumping mechanism used to supply 
5 nutrients to the intervertebral disc cells and remove waste products from the disc. If the 

hydrogel is seeded with cells, the restored pumping mechanism will provide nutrients to 
these cells and remove their waste products. If seeded with growth factors, the existing 
cells will proliferate and the nutrient supply will be maintained by the restored pumping 
mechanism. Likewise the waste products will be removed through the newly restored 

10 pumping mechanism. 

Cells that may be added to the hydrogel may include fibrochondrocytes cultured 
from the annulus fibrosis or nucleus pulposis, chondrocytes, or fibroblasts. In addition, 
precursor mesenchymal stem cells may be added to the hydrogel. All cells are added to 
the hydrogel with the intent to promote matrix generation within the nucleus pulposis. 

15 Growth factors that may be added to the hydrogel include any factor from the TGF-beta 

family, VEGF, FGF, any keratin-based growth factor or any other factor that may induce 
cell differentiation, migration, and/or glycosaminoglycan production in the nuclear space. 
The growth factors will be added to the hydrogel with the intent of promoting nuclear 
matrix generation through induction, migration, and/or cellular production of matrix 

20 proteins. 

2. Encapsulated Gels 

In other embodiments of this invention, gels can be encapsulated to maintain their 
integrity under load-bearing conditions. Such encapsulation can be effected using 
polymer based materials, such as silicones, or can be keratin based, for example, using 
25 non-woven keratin material. 

Suitable encapsulating polymers can include, by way of example only, 
polyethylene, poly(tetrafluoro)ethylene, polystyrene, polyester, silicone, and other 
synthetic polymers known in the art. Additionally, in some embodiments, it can be 
desirable to encapsulate a keratin hydrogel within a keratin capsule, such as a non-woven 
30 capsule. In certain embodiments, it can be desirable for the capsule to be non-porous, 

that is, to keep keratin, ions and water within the capsule. Alternatively, it can be 
desirable to provide a capsule having pores to permit the movement of water and/or small 
ions (e.g, sodium, chloride and the like) into and out of the capsule. Synthetic and non- 
30 
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synthetic polymers with pores of various sizes are known in the art. Pores can be made 
of a desired size sufficient to (1) keep water, ions and keratin within the capsule; (2) keep 
ions and keratin within the capsule; or (3) keep only keratin and/or other high molecular 
weight materials within the capsule. 

1. Non-Porous Capsules and Envelope - Generally 

In certain embodiments of this invention, it can be desirable to keep the water and 
ions within the capsule. For such embodiments, capsules having pores sufficiently small 
so that water molecules do not pass through. With these embodiments, the nucleus 
replacement may be able to withstand higher loads without substantial loss of thickness. 

When a hydratable keratin is placed within such a capsule, water and ions can 
make contact with the keratin material. Upon hydration, the keratin material can swell to 
form a hydrogel. Thus, one role of the porous capsule is to keep the keratin materials 
positioned within the intravertebral space to provide support to the spine. As pressure on 
a nucleus replacement increases with increasing load, some of the water and/or ions 
might be extruded from the hydrogel, leave the capsule, and possibly leave the 
intravertebral space, thus, permitting a degree of compression of the capsule. 

2. Water-Permeable Ion-Impermeable Capsules and Envelope - Gen erally 

In other embodiments, it can be desirable for the sizes of the pores to be 
sufficiently small so that solvated ions are retained within the capsule, and for water to be 
able to leave. For these embodiments, the degree of compression of the nucleus 
replacement can be less than for embodiments in which ions can be extruded as well as 
water. By retaining ions within the capsule, more osmotically active particles can be 
retained within the capsule than in embodiments in which ions are extruded from the 
capsule. 

Figure 4 depicts an embodiment of this invention in which keratin hydrogel 402 
is encapsulated for positioning within an intervertebral space. 

Figure 4 depicts an embodiment in which the precursor or hydrogel encapsulating 
material 400 is non-porous. Under load, the disc replacement is not compressed. 

Alternatively, the precursor or hydrogel encapsulating material 400 can be 
porous, and can have pores sized to permit the passage of water, but not ions or keratin 
polymers therethrough. In this embodiment, the load on the capsule is sufficient to 
extrude a small portion of the water, but the keratin material within the capsule retains 
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sufficient water to keep the thickness of the nucleus replacement sufficient to maintain a 
desired separation of adjacent vertebral bodies. 

3. Capsules Permeable to Water and Ions - Generally 

Figure 4 depicts an embodiment in which the precursor or hydrogel encapsulating 
5 material 400 is porous and has pores sized to permit the passage of water and solvated 

ions, but not large enough to permit passage of keratin materials. In this embodiment, 
the load on the capsule is sufficient to extrude some water and solvated ions, but the 
keratin material within the capsule retains sufficient water to keep the thickness of the 
disc sufficient to maintain a desired separation between adjacent vertebral bodies of a 

10 portion of the spine under flexion. 

Such disc replacements can be useful in situations in which it is desirable for the 
dimensions of the nucleus replacement to be varied with the load. One example is in 
situations in which a degree of flexion is desired. 

In yet other embodiments, the capsule can be made more or less flexible. By 

1 5 providing a relatively flexible capsule, the hydrogel within can move about in response to 

the subject's movements, without the capsule being damaged. In subjects having 
relatively mild damage, such flexible encapsulated keratin disc replacements can be 
especially useful to maximize spinal mobility. 

Encapsulated keratin hydrogels can be made of differing sizes. In one series of 

20 embodiments, a capsule can be made sufficiently large to occupy substantially the entire 

area between vertebral bodies. Such Aunitary@ encapsulated gels can be especially 
useful for subjects in which the entire original disc must be replaced. It can be desirable 
for such unitary gels to have encapsulating material of sufficient strength to withstand the 
wall tension tending to pull the capsule material apart. It is known that for a cylinder, 

25 there is a relationship between the hydrostatic pressure, the radius of the cylinder and the 

wall tension necessary to keep the pressure within the cylinder contained. The 
relationship is known as LaPlace=s law for a cylinder, and can be expressed by the 
following relationship: 

30 delta P = T, 

r 

where delta P is the pressure across the wall of a capsule (Atransmural pressure® 
= pressure inside - pressure outside) of the cylinder, r is the radius and T is the wall 
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tension. It can be appreciated that the ability of a material to withstand wall tension 
depends on the intrinsic strength of the material and the wall thickness. Thus, for 
materials having large intrinsic strength, the thickness of the wall can be less than for 
weaker materials. 

5 Example Embodiment for a Nucleus Pulposis Implant B Single envelope 

The keratin-based hydrogel 402 described herein may be placed in an envelope 
400 comprised of a keratin-based material or alternatively a suitably non-keratin based 
material. The envelope material may be in the form of a sheet material that may or may 
not include two external polyester layers and an inner keratin-based material. The sheet 

10 material may be processed in the form of a closed, continuous capsule. The envelope 

may be permeable or impermeable to cells, growth factors, and/or fluids. Permeability is 
based on the ability of the above mentioned items to freely pass through the envelope 
barrier. The hydrogel may be placed in the envelope prior to implantation in the nucleus 
cavity or after implantation. The hydrogel may be injected, poured, or tamped into the 

15 envelope. The hydrogel may be dehydrated, partially hydrated, or fully hydrated. The 

envelope may be sealed before or after the keratin hydrogel is placed. 

The envelope may be impregnated with cells and/or growth factors and may be 
designed to bond to the vertebral endplates and/or annulus fibrosis. Cells that may be 
added to the hydrogel may include fibrochondrocytes cultured from the annulus fibrosis 

20 or nucleus pulposis, chondrocytes, or fibroblasts. In addition, precursor mesenchymal 

stem cells may be added to the hydrogel. All cells are added to the hydrogel with the 
intent to promote matrix generation within the nucleus pulposis. Growth factors that 
may be added to the hydrogel include any factor from the TGF-beta family, VEGF, FGF, 
any keratin-based growth factor or any other factor that may induce cell differentiation, 

25 migration, and/or glyco s amino glycan production in the nuclear space. Bonding between 

the envelope and host tissue may be in form of fibrous ingrowth. This fibrous ingrowth 
may involve fibrocartilage formation between the annulus fibrosis and/or cartilaginous 
endplates and the envelope. The newly generated fibrous tissue may form within the 
pores and/or on the surface of the envelope and span to the endplates and/or annulus 

30 tissue. Bonding may also be facilitated by using an adhesive. Such adhesives are known 

in the art. 
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The envelope may or may not be flexible or expandable and may or may not 
allow for changes in volume. Flexibility is defined as the ability of the material to 
change shape upon application of load, but not necessarily volume. Expandibility and 
compressibility are defined as the ability of the material to change volume upon load 
application. The changes in volume would be a direct result of the addition or 
subtraction of water from the hydrogel within the envelope. If the hydrogel imbibes fluid 
the volume will increase, and if fluid is released, the volume will decrease. The volume 
and dimensions of the envelope will be equal to or less than the volume of the evacuated 
nucleus pulposis space. 

4. Multi Chamber Embodiments 

In other embodiments, it can be desirable to provide smaller encapsulated gels. 
For example, a group of relatively small gel capsules can be positioned within an 
intervertebral space. Each of such a group can provide some of the load-bearing 
functions. It can be readily appreciated that cylinders having the same wall tension and 
smaller radii can withstand greater transmural pressures than cylinders having larger 
radii. Thus, according to LaPlace^s relationship, small capsules can withstand greater 
transmural pressures and loads than larger capsules. It can also be readily appreciated 
that even with relatively large capsules, one can provide greater load bearing capability 
by increasing the amounts of keratin, ions, and/or water within the capsule. If a portion 
of the load is borne by the keratin material within the capsule, less load need be borne by 
the capsule material. 

Figure 5a - 5c depict embodiments of this invention in which groups of capsules 
are positioned within an intervertebral space. 

Figure 5a depicts an embodiment 500 in which 4 capsules 502 are provided for 
positioning within an intervertebral space of a subject having all the original disc 
replaced. 

Nucleus Pulposis Implant B individual Envelopes 

The hydrogel described above will be placed in individual envelopes 504 and 
multiple envelopes will be placed in the evacuated nuclear space. The envelopes are 
similar those described earlier; they may be permeable or impermeable, they may be 
impregnated with growth factor and/or cells, and they may or may not conserve volume 
during deformation. Multiple individual envelopes may be placed in the intervertebral 
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disc and may or may not be placed in one or more larger envelopes that contain(s) all of 
the smaller envelopes. 

Figure 5b depicts an embodiment 504 in which 7 capsules 506 are provided for 
positioning within an intervertebral space of a subject having a complete disc 
replacement. An outer wall 506 can be used as desired to encase the inner capsules. 
Nucleus Pulposis Implant B continuous, multi-chambered envelope: 

The envelope described above may be multi-chambered 508. The pathways 
connecting the multiple chambers may be designed to restrict the flow rate of the 
hydrogel from one chamber to another. In addition, the individual chambers may be 
positioned to direct the hydrogel from one anatomic area to another during motion. 

In certain other embodiments, it can be desirable to provide a network of small 
capsules, connected together using tubes through which keratin hydrogel can move. 
Figure 5c depicts an embodiment 508 of this invention in which several small capsules 
are in fluid communication with the other capsules in the group by way of connecting 
tubules. In such embodiments, increased load on one capsule can cause the hydrogel to 
flow throught the tubules to other capsules. Such a situation can occur during spinal 
flexion. For example, if a subject with such an embodiment bends forward, the load 
placed on ventral portions of adjacent vertebral processes increases. This then increases 
the load placed on those capsules near the ventral side of the vertebrae. The increased 
load causes hydrogel to be extruded into more dorsal capsules. It is to be understood that 
the embodiments of Figure 5a-5c can also be used on partial replacements of the disc. 

Annulus Replacements -Generally 

In certain subjects, the nucleus may be intact and relatively healthy, but the 
annulus may have suffered injury or disease, weakening the annulus to a point at which it 
may not support the nucleus sufficiently to prevent herniation, extrusion or destruction. 
In these subjects, it can be desirable to replace a portion of the annulus with an 
exogenous material. Non-woven keratin materials can be provided that have sufficient 
strength to resist stretching and thereby can be used to augment or replace damaged 
annular materials. The strength necessary to prevent stretching can be approximated by 
LaPlace=s law for cylinders, described herein above. Because the lateral load withstood 
by the annulus can be affected by the radius, the thickness of the material and the 
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intrinsic strength of the nnulus replacement can be selected so that the total wall tension 
during use does not exceed the strength of the annulus replacement. 

In one series of embodiments, non-woven keratin material can be used as a single 
layer sheet. In other embodiments, multiple layers of keratin material can be used. In 
5 other embodiments, annular replacements can comprise multilayered structures having 

layers of keratin and other polymers, such as polyester, polypropylene, silicone, and 
others known in the art as described above for nucleus replacements. Moreover, in yet 
other embodiments, an annulus replacement can comprise co-precipitated polymers, 
wherein keratin and another type of polymer is formed in fashions as described above. 

10 As with nucleus replacements, in certain embodiments, it can be desirable to 

include adjuncts in an annulus replacement. Such adjuncts include NSAIDS, cytokines, 
growth factors, or other molecules described herein or as known in the art. Also, as with 
nucleus replacements, it may be desirable to include cells in an annulus replacement. 
Such cells can include osteoblasts, chondrocytes, fibroblasts or other cells whose 

15 presence can improve the healing or the post-surgical function of the annulus. In 

particular, fibroblasts can synthesize collagen, an extracellular fibrous protein that can 
strengthen the tissue. Osteoblasts can synthesize hydroxyapatite, a bone matrix material, 
and thereby strengthen the portion of an annulus replacement near bony tissues. 
Chondrocytes can synthesize chondroitin sulfate and other extracellular components of 

20 cartilage, and thereby provide in situ replacement of nucleus material and connective 

tissues. 

In situations in which a partial annulus replacement or support is to be provided, 
it can be desirable to attach the annulus replacement to the remaining annulus, the 
vertebral bodies or to other tissues near the affected intervertebral space with sutures, 

25 adhesives, and other methods known to one of ordinary skill in the art. Such tissues 

include the bone, periosteum, ligaments, endplates and the remaining annulus. Such 
attachments can help localize the annulus replacement to those sites where it can have 
beneficial function. Also, such attachment can provide load bearing capability, if 
desired. For example, due to the wall tension applied on the annulus due to the LaPlace 

30 relationship previously described, attaching the annulus to the upper and lower vertebral 

bodies can help reduce the load between the existing, damaged annulus and the annulus 
replacement. 
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Example Embodiment for Annulus Fibrosis Repair B sheet material : 

Penetrations, defects, or damage to the annulus fibrosis may be repaired using a 
keratin-based material. The material may be placed at the damaged area to induce a 
repair response from the surrounding tissues and provide a scaffold for the repair 
5 response to take place. The material may be in the form of a sheet 600 that is placed on 

the inner and/or outer wall of the damaged annulus 602. The material 606 may be in the 
form of a plug 604 that is placed in the defect. The material 606 may also be securely 
anchored and tethered to the opposite inner annular wall 608. The purpose of each 
embodiment is to maintain its initial placement postion during the repair process, repair 

10 the damaged annulus fibrosis and restore the pressure-vessel characteristics of the 

annulus. After the repair process takes place, the annulus should be able to provide 
restraint to the hydrostatic compression produced in the nucleus pulposis during loading, 
i.e. the annulus should act as a pressure vessel. 

One aspect of the present invention is a nonwoven film composition comprising a 

15 synthetic polymer and a keratin material for use in annulus repair. The synthetic polymer 

may be, but is not limited to, a-olefins, acrylates, urethanes, acetates, nylon, esters, and 
copolymers thereof. An a-olefin is considered to be any monomer containing an a- 
double bond. The nonwoven composition may also further comprise a natural material 
which may be, but is not limited to, cotton. In some embodiments of the invention, the 

20 nonwoven composition is a laminate, which may be, but is not limited to, a tri-laminate 

comprising two outer layers of synthetic polymer and a middle layer of keratin material. 
The keratin material in the middle layer may be partially exposed by openings in the two 
outer nonwoven synthetic polymer layers. In some embodiments of the invention the 
synthetic polymer layers are nonwoven webs of polymer fibers. In other embodiments of 

25 the invention the synthetic polymer layers are nonwoven webs of polymer fibers. 

Figures 6d - 6e also depict annulus replacements of this invention. Figure 6d 
depicts a partial annulus replacement, wherein a portion of damaged original annulus is 
removed and replaced with a keratin based non-woven or woven sheet 600. Figure 6e 
depicts a complete annulus replacement 600, wherein a sheet of keratin material is 

30 adhered to the upper and lower vertebral bodies using adhesive. 
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Annulus replacements can be premade having a variety of different sizes, 
thicknesses, compositions and physical properties. The surgeon can evaluate the needs 
of a particular patient and provide a properly sized annulus replacement during surgery. 
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What is claimed is: 

1 . An intervertebral disc implant comprising: 

a layer of keratin material which is adapted to be inserted between adjacent 
vertebral bodies. 

5 

2. The intervertebral disc implant of claim 1 including: 
another layer of a polymer. 

3. The intervertebral disc implant of claim 1 including: 
1 0 another layer of a synthetic polymer. 

4. The intervertebral disc implant of claim 1 including: 

said layer be capsulated in one of the polyethylene, poly(tetrafluoro)ethylene, 
polystyrene, polyester, silicone, and other synthetic polymers. 

15 

5. The intervertebral disc implant of claim 1 including: 
said layer of keratin material comprising a keratin hydrogel. 

6. The intervertebral disc implant of claim 1 including the layer including 
20 keratin material deposited on a non-woven material. 

7. The intervertebral disc implant of claim 1 including: 

the layer including keratin material deposited on a woven material. 

25 8. The intervertebral disc implant of claim 1 including: 

the non-woven material being a polymer. 

9. The intervertebral disc implant of claim 1 including: 
the woven material being a polymer. 

30 

10. The intervertebral disc implant of claim 1 including: 
another layer of a keratin material. 
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1 1 . The intervertebral disc implant of claim 1 including: 

a plurality of layers at least one of which is another layer of a keratin material and 
at least one is a layer of a polymer. 

12. The intervertebral disc implant of claim 1 including: 

said layer of a keratin material sandwiched between layers of a polymer material. 

13. The intervertebral disc implant of claim 1 including: 

said layer of keratin material shaped in a wedge shape in order to be adapted to fit 
between adjacent vertebral bodies. 

14. The intervertebral disc implant of claim 1 including: 

said layer of keratin material being irregularly shaped in order to be adapted to fit 
between adjacent vertebral bodies. 

15. The intervertebral disc implant of claim 1 including: 
said layer for partially replacing a nucleus of a vertebral disc. 

16. The intervertebral disc implant of claim 1 including: 
said layer for replacing the entire nucleus of a vertebral disc. 

17. The intervertebral disc implant of claim 1 including: 

said layer for at least partially replacing a nucleus and an annulus of a vertebral 

disc. 

18. The intervertebral disc implant of claim 1 including: 

said layer including at least one of growth factors, and living cells. 

1 9 . An intervertebral disc implant comprising: 

one or more layers of a keratin-based material formed in the shape of a disc 
annulus; and 

a keratin-based hydrogel filling the shape of the disc annulus. 
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20. The intervertebral disc implant of claim 19 wherein said layers are 
concentric layers of a keratin-based material. 

21. The intervertebral disc implant of claim 19 wherein: 

5 at least one of the layers include keratin-based material deposited on non-woven 

material. 



22. The intervertebral disc implant of claim 19 wherein: 

at least one of the layers including keratin-based material deposited on a woven 
10 material. 



23. The intervertebral disc implant of claim 21 wherein said non- woven 
material is a polymer. 

1 5 24. The intervertebral disc implant of claim 22 wherein said woven material is 

a polymer. 

25. The intervertebral disc implant of claim 19 wherein said layers are porous. 

20 26. The intervertebral disc implant of claim 19 wherein said layers are non- 

porous. 

27. An intervertebral disc implant comprising: 
a plurality of envelopes filled with a keratin hydrogel; and 
25 said plurality of envelopes encased in an envelope. 



28. An intervertebral disc implant comprising: 

a plurality of envelopes filled with a keratin hydrogel; and 

said plurality of envelopes connected by passageways such that the keratin 
30 hydrogel can be urged from one envelope to another. 



29. An annular repair comprising: 

a sheet of keratin-based material adapted for repairing a disc annulus. 
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30. An annular repair comprising: 

a plug of keratin-based material adapted for repairing a disc annulus. 

3 1 . An annular repair comprising: 

keratin-based material deposited on one of woven and non-woven material. 

32. The implant of claim 1 wherein said layer includes at least one of 
chondrocytes, fibrochondrocytes, fibroblasts, osteoblasts, and/or osteocytes. 

33. The implant of claim 1 wherein said layer includes bone morphogenetic 
proteins (BMPs). 

34. The implant of claim 19 including at least one of chondrocytes, 
fibrochondrocytes, fibroblasts, osteoblasts, and/or osteocytes. 

35. The implant of claim 19 including bone morphogenetic proteins (BMPs). 

36. The implant of claim 29 wherein said sheet includes at least one of 
chondrocytes, fibrochondrocytes, fibroblasts, osteoblasts, and/or osteocytes. 

37. The implant of claim 29 wherein said sheet includes bone morphogenetic 
proteins (BMPs). 

38. The implant of claim 30 wherein said plug includes at least one of 
chondrocytes, fibrochondrocytes, fibroblasts, osteoblasts, and/or osteocytes. 

39. The implant of claim 30 wherein said plug includes bone morphogenetic 
proteins (BMPs). 

40. The implant of claim 19 including a plurality layers with each layer 
formed of keratin-based material and with each layer having directional different 
structural properties. 
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41. The implant of claim 19 at least one of upper and lower layers located 
adjacent to the disc annulus wherein at least one of the upper and lower layers are formed 
from keratin-based material. 

42. The implant of claim 19 wherein at least one layer is formed of sheets of 
keratin-based material. 

43 . The implant of claim 4 1 wherein at least one of the upper and lower layers 
is formed of sheets of keratin-based material. 

44. The implant of claim 27 wherein at least one of said envelopes is 
comprised of a keratin-based material. 

45. The implant of claim 27 wherein at least one of said envelopes is 
comprised of a keratin-based material which is part of a non-woven material. 

46. The implant of claim 27 wherein at least one of said envelopes is 
comprised of a keratin-based material which is part of a woven material. 

47. The implant of claim 27 wherein at least one of said envelopes is 
comprised of a plurality of sheets of keratin-based materials. 

48. The implant of claim 27 wherein at least one of said envelopes is 
comprised of a plurality of sheets of keratin-based material with each sheet having 
directionally different structural properties. 

49. The implant of claim 27 wherein at least one of said envelopes has 
included therein at least one of cells and growth factors. 

50. The implant of claim 28 wherein at least one of said envelopes is 
comprised of a keratin-based material. 
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51. The implant of claim 28 wherein at least one of said envelopes is 
comprised of a keratin-based material which is part of a non-woven material. 

52. The implant of claim 28 wherein at least one of said envelopes is 
comprised of a keratin-based material which is part of a woven material. 

53. The implant of claim 28 wherein at least one of said envelopes is 
comprised of a plurality of sheets of keratin-based material. 

54. The implant of claim 28 wherein at lest one of said envelopes is 
comprised of a plurality of sheets of keratin-based material with each sheet having 
directionally different structural properties. 

55. The implant of claim 29 including a plurality of sheets of keratin-based 
material adapted for repairing a disc annulus. 

56. A method for repairing or replacing an intervertebral disc including the 
steps of: 

assessing the disc space of a patent; 
as necessary removing disc material of the patient; 
selecting an implant comprised of a keratin material; 
placing the implant in the disc space; and closing. 

57. A method for repairing or replacing an intervertebral disc including the 
steps of: 

accessing the disc space of a patient; 

as necessary removing disc material of the patient; 

selecting an implant comprised of one or more layers of a keratin-based material 
formed in the shape of a disc annulus and with a keratin-based hydrogel filling the space 
of the disc annulus; 

placing the implant in the disc space; and 

closing. 
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5 8 . An intervertebral implant comprising: 

a plurality of layers of keratin-based material formed in the shape of at least a 
partial disc annulus. 

59. The implant of claim 58 including: 

said layers of defining an internal cavity which has therein at least one of cells 
and growth factors. 

60. A method for repairing or replacing an intervertebral disc including the 
steps of: 

assessing the disc space of a patent; 

as necessary removing the disc material of the patient; 

selecting an implant comprised of a plurality of envelopes filled with a keratin 
hydrogel and with the plurality of envelopes encased in an envelope; 
placing the implant in the disc space; and 
closing. 

61. A method for repairing or replacing an intervertebral disc including the 
steps of: 

assessing the disc space of a patient; 

as necessary removing disc material of the patient; 

selecting an implant comprised of a plurality of envelopes filled with a keratin 
hydrogel and with the plurality of envelopes connected by passageways such that the 
keratin hydrogel can be urged from one envelope to another; 

placing the implant in the disc space; and 

closing. 

62. A method of repairing an annulus including the steps of: 
accessing an intervertebral annulus of a patient; 

selecting of a keratin-based material; 

inserting the keratin-based material at the location of the annulus repair; 

securing the keratin-based material in place; and 

closing. 
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63. The method of claim 62 wherein said securing step includes using a tether 
to attach the keratin-based material to a portion of the annulus of the patient. 

64. The method of claim 62 wherein said securing step includes suturing the 
keratin-based material to the annulus of the patient. 

65. The method of claim 62 wherein said keratin-based material is in the 
shape of a plug and wherein said securing step includes pushing a portion of the keratin- 
based material through an aperture in the annulus of the patient and allowing the force of 
the nucleus to hold the keratin-based material against the annulus of the patient. 



46 



WO 02/076336 



PCT/US02/08576 



1/5 




FIG.-la 



FIG.-lb 



100 




110 




102 



FIG.-ld 



104 



c 



112 



114 



-116 




FIG.-le 



FIG.-lc 



WO 02/076336 



PCT/US02/08576 




FIG.-2c 



WO 02/076336 



PCT/US02/08576 




FIG.-4 



WO 02/076336 



PCT/US02/08576 



4/5 




FIG.-5c 




FIG.-6a FIG.-6b 



WO 02/076336 



PCT/US02/08576 



5/5 




FIG.-6c 




FIG.-6d 




FIG.-6e 



